Salivary aldosterone measurements can be used to study aldosterone secretion and metabolism noninvasively. Salvia and plasma aldosterone concentration were highly correlated during all periods of study; during adrenocorticotrophic hormone (ACTH) administration, a relatively greater amount of aldosterone a p peared in saliva; during dexamethasone administration, a relatively smaller amount of aldosterone appeared in saliva.
Summary
Salivary aldosterone measurements can be used to study aldosterone secretion and metabolism noninvasively. Salvia and plasma aldosterone concentration were highly correlated during all periods of study; during adrenocorticotrophic hormone (ACTH) administration, a relatively greater amount of aldosterone a p peared in saliva; during dexamethasone administration, a relatively smaller amount of aldosterone appeared in saliva.
As plasma cortisol increased with ACTH administration there was an increased relative amount of aldosterone in saliva. DOC (lldeoxycorticosterone) was found in saliva only during ACTH administration. Corticosterone was identified during baseline periods. Salivary aldosterone concentrations were independent of flow.
The data indicate that saliva is an accessible bodily fluid which may be used to monitor the changes in nonprotein bound plasma steroid hormone concentration in children.
Speculation
Saliva is an accessible bodily fluid which may be used to monitor the changes in nonproteiq bound plasma aldosterone concentration and other steroidal hormones.
Repeated measurements of free aldosterone levels in children are limited by the inconhiepce and difiiculty in obtaining complete urine collections, by the large amount of blood necessary, and the discomfort of repeated venipunctures. The aim of this study was to establish that saliva is a biologic fluid which can be used to evaluate the concentration of free aldosterone. This would give a measure of the biologically active fraction of aldosterone and would simplify the investigation of aldosterone metabolism in children.
That salivary hormones may be.' used to measure nonprotein bound serum hormones was shown by Katz and Shannon (7, 8, 9) who found that the quantity of cortisol plus cortisone in saliva was equal to the level of dialysable cortisol plus cortisone in plasma. Therefore, these findings predicted that other nonprotein bound steroids would be found in saliva.
Our studies demonstrate that the concentration of salivary aldosterone is a measure of the plasma dialysable aldosterone under conditions of varying dietary sodium during ACTH stimulation and dexamethasone suppression. Therefore, the salivary aldosterone concentration is useful in studies of aldosterone metabolism where changes in aldosterone concentrations must be measured repeatedly and where the biologically active free fraction of aldosterone is of particular interest. Further, collection of saliva is a noninvasive procedure which would permit such studies in infants and children. Regal Crown Sour Lemon Drops were sucked by the patient until a constant flow of parotid saliva was maintained for 2 min. The following five-min volume was collected and the sample was frozen at -20°C until assayed.
MATERIALS AND METHODS

PATIENT
Expectorated saliva was obtained by having the patient expectorate into a plastic cup for 5 min while sucking a sour lemon drop. Expectorated saliva was centrifuged in a refrigerated centrifuge and the supernatant frozen at -20°C until assayed. Electrolytes were not measured in expectorated saliva.
Blood was withdrawn during the saliva collection, heparinized, centrifuged, and plasma separated and stored at -20°C until assayed.
Samples were collected after 2 hr ambulation. The time of collection was between 0730 and 0830. Patients had been fasting since retiring the night before.
STEROID METHODS
The method of Abraham and associates (1, 2, 6, 10, 12) was used for the radioimmunoassay of the corticosteroids. The assay for corticosteroids was modified as follows for saliva.
To 4 cc of saliva was added 1000 counts per minute of radiolabeled aldosterone, DOC, cortisol, and corticosterone in a volume of 50 pl for each steroid. Saliva was extracted with dichloromethane using a volume that was three times the saliva volume.
The plasma renin activity was determined by the method of Sealey et al. (14) .
Urinary aldosterone was determined by the method of Charmakjian et al. (2) .
PERIODS OF STUDY
1) Low sodium diet-10 mEq of sodium daily for 3-5 days. 2) Regular sodium diet-87 mEq of sodium/m2 daily for 3-5 days.
3) High sodium diet-150 mEq of sodium/m2 daily for 3-5 days.
A CTH stimulation. 1) One day ACTH test-40 U ACTH (AC-THAR Armour) given by constant iv infusion over 8 hr. 2) Fiveday ACTH test-40 U ACTH given over each 24-hr period.
Dexamethasone suppression. Dexamethasone 0.5 mg was administered orally every 6 hr for 1-10 days.
Assay of sour lemon drops dissolved in sterile water revealed the sour lemon drop contained no material affecting the radioimmunoassay for steroids. When assayed for electrolytes, each sour lemon drop was found to contain 0.1 mEq of sodium. No potassium was found.
CALCULATIONS
Standard parameters of the radioimmunoassay were calculated by a program designed to our specifications by the Cornell University Medical Center computer facility personnel. Statistical calculations were performed using a statistical package designed by the Computer Center faculty. Calculations were performed on an IBM 370/145 computer.
RESULTS
MEASUREMENT OF SALIVARY ALDOSTERONE CONCENTRATION AND ITS RELATIONSHIP TO OTHER PHYSIOLOGIC PARAMETERS
Samples of parotid and expectorated saliva obtained sirnultaneously gave identical results for aldosterone concentration.
Plasma and salivary aldosterone concentrations, urinary aldosterone excretion and plasma renin activity under all conditions are presented in Table 1 . Saliva and plasma aldosterone concentrations were highly correlated to urinary aldosterone excretion and the plasma renin activity.
Plasma and salivary aldosterone concentrations were highly related during periods of changes in dietary sodium (Fig. 1) .
In 21 normal children for whom the dietary sodium was unknown, the mean level of salivary aldosterone concentration was 2.5 ng/dl. The range was from <1-7 ng/dl. This is in agreement with our findings for hospitalized children whose mean salivary aldosterone concentration on a regular sodium diet was 3.1 ng/dl.
During changes in dietary sodium intake, the ratio of salivary to plasma aldosterone concentration was relatively constant for each patient. In contrast, the administration of ACTH and dexamethasone resulted in consistent alterations in the ratio of salivary to plasma aldosterone concentration: higher ratios were noted during the administration of ACTH (average 0.36), lower ratios were noted during the administration of dexamethasone (average 0.19) ( Table 2) .
As the level of plasma cortisol increased during ACTH administration, the ratio of salivary aldosterone to plasma aldosterone also increased (Fig. 2) .
OTHER HORMONES MEASURED IN SALIVA
A small number of assays were done for other hormones. DOC was not found in the saliva of any subject in the unstimulated state. During the administration of ACTH, the level of salivary DOC was approximately 6% of the simultaneous plasma level.
Plasma aldosterone ( n g l d l ) Corticosterone and cortisol were found in saliva at a level of 5-1Wo of the plasma level (Table 3) .
EFFECT OF FLOW ON SALIVARY ALDOSTERONE CONCENTRATION
In three patients where salivary flow rate was changed while maintaining a constant plasma aldosterone concentration, the salivary aldosterone concentration was unaltered (Table 4) . Thus, salivary aldosterone concentration reflected the plasma aldosterone concentration irrespe'ctive of salivary flow rate. The subjects sucked sour lemon drops to stimulate flow.
SALIVARY ALDOSTERONE AS A MEASURE OF PLASMA FREE
ALDOSTERONE
The concentration of aldosterone which is protein bound, has been estimated to be between 3690% (3-5, 11, 13, 15-17 binding depending on the availability of corticosteroid biding globulin. When in vivo or in vitro experiments have been performed, protein bound aldosterone increased in states of increased corticosteroid-binding globulin (CBG) availability and decreased in states of decreased CBG availability (Table 5) . If salivary aldosterone represents plasma nonprotein bound aldosterone, the percent of protein bound aldosterone may be calculated by the formula:
% protein-bound aldosterone salivary aldosterone concentration x 100 = 100-plasma aldosterone concentration During dexamethasone administration, the protein bound aldosterone, as estimated by this formulation, increased, indicating increased available CBG; while, during ACTH stimulation, the protein bound aldosterone decreased, as would be expected, with low CBG. When we compared the protein-bound aldosterone in states of relatively increased availability of CBG (i.e., dexamethasone administration), or decreased CBG availability (i.e., ACTH administration), we noted that the calculated percent binding agreed with previously reported direct measurements of protein bound aldosterone for similar states of CBG availability (Table  5 ). ' High CBG or low CBG refers to the relative amount of CBG available for binding aldosterone. The comment explains the method used to achieve relative low or high CBG.
DISCUSSION
Our studies have established that aldosterone can be measured in saliva. Changes in the salivary concentration of aldosterone resulting from alterations in plasma cortisol suggest that salivary aldosterone represents the nonprotein bound fraction of the circulating aldosterone. Presumably, changes in plasma cortisol can induce changes in the protein binding of aldosterone by competing with available CBG, as reported by several investigators (13, 17) .
The work of Katz and Shannon (7-9), who demonstrated that the sum of cortisol and cortisone in saliva represented the free fraction in plasma, predicted that saliva aldosterone would also represent the unbound fraction. We have shown that the concentration of salivary aldosterone was biologically significant by demonstrating the relationship of the salivarv aldosterone level to other significant physiologic parameters, inhudiig urinary aldosterone excretion, plasma aldosterone concentration, and plasma renin activity.
Further, we have demonstrated that salivary aldosterone reflects plasma aldosterone concentration under conditions of varying salivary flow rates.
Saliva is an accessible biological fluid which represents an ultrafiltrate of ~lasma. Because the unbound fraction is the biologically active fraction, measurement of salivary aldosterone assumes clinical importance. Salivary aldosterone measurements can be used to study aldosterone secretion and metabolism noninvasively. This has particular advantages in children in whom venipuncture and urihe collection are cumbersome and and undesirable.
Katz and Shannon (8), using radiolabeled aldosterone, estradiol, and ACandrostenedione. were able to demonstrate the Dresence of the radioactivity in saliva after iv infusion. Because b e have measured DOC and corticosterone in saliva, saliva may be used to investigate other steroids as well.
